Wiggle-matching the terrestrial 14 C ages to the tree-ring time scale
The terrestrial 14 C ages, shown on the left-hand side of the logs (Figs. 1B, 1C; Table S1 , S2),
were wiggled matched (S1, S2) to the tree-ring time scale (IntCal04 back to 12,825 cal yr BP and a floating tree-ring curve back to 14,200 cal yr BP -see Fig. 3A ). We applied the 2 test to the wiggle matching. The wiggle-matching was done by:
1) Assuming a constant sedimentation rate within each sedimentary unit or sub-unit as described below.
2) Trying a wide range of sedimentation rates, and for each sediment rate "sliding" the sequence of 14 C ages in each unit along the tree-ring curve at increments of 1 year, and for each position and sedimentation rate sum the distances between the 14 C ages and the curve divided by 1 of the sample's 14 C age ( ). The smaller the value is for 2 , the better is the agreement with the tree-ring curve.
3) To give some sort of an estimate of uncertainties we accepted all sedimentation rates and positions that yielded 2 -values smaller than 2 0.05 i.e. within 95 % degree of confidence.
4)
As an independent control we checked the returned calendar dates of the YD/Preboreal boundary (11, 630 cal yr BP; (S1, S3, S4) ), the Vedde Ash Bed (12, 170 cal yr) and the Allerød/YD boundary (12,800-13,000 cal yr BP; (S5)) evident in the cores.
Only sedimentation rates and positions of the sequences of 14 C ages that coincided with these stratigraphical boundaries were accepted. All the best 2 -values confirmed the dates of these boundaries.
5) In Fig. 3A and Table S1 , S2 we give these alternative positions of the 14 C ages as a minimum date, best date, and a maximum calendar date.
The Kvaltjern sequence (Fig. 1B , Table S1 )
We dated four levels of terrestrial material in the Preboreal marine deposits. The lowest date at 9760±65 yr BP (Fig. 3A) is spuriously young; if included in the wiggle-match, it implies an age for the Preboreal/YD boundary that is younger than 11,530 cal yr BP. We used the upper three dates between 700 cm and 740.5 cm, all from homogenous mud with loss on ignition between 6.1-7.3 % (S6), and matched them against the steep shoulder in the calibration curve between the 9600 and the 10,000 14 C yr BP plateaus (Fig. 3A) . Sedimentation rates between 3
and 19 yr/cm gave good fits with 2 < 2 0.05 = 5.99; degrees of freedom = 2. However, only sedimentation rates between 5.2 yr/cm and 8.1 cm/yr returned acceptable dates (between 11,530 cal yr BP and 11,630 cal yr BP) for the PB/YD boundary. Best fit is using a sedimentation rate of 5.8 yr/cm with the sequence positioned so that the depth of 700 cm equals 11,150 cal yr BP. By extrapolating this downwards to 770 cm, the PB/YD boundary has an age of 11,560 yr BP, close to the estimate of 11,590 cal yr BP from the change in treering widths (S3) .
For the Vedde Ash Bed, which we interpret as a time horizon, the weighted mean of 11 14 C dates on terrestrial plant material adjacent to the tephra in the study area is 10,330±30
14 C yr BP (S7, S8). A calibrated 1 date for the eruption is thus 12,050 (12,100) 12,170 cal yr BP (81 % area under this distribution, Calib 5). In the GRIP core the age of the Vedde Ash is 11,980±80 ice core years (S9) which to the new tree-rings in IntCal04 corresponds to 10170 -10285 14 C yr BP (1 ). If IntCal04 is correct, this means that either the plant fragments were too old, i.e. re-deposited, or that the GRIP ice-core chronology is about 100 years too young at this time. The 14 C dated samples were mainly delicate leaves, so we assume the 14 C age of the Vedde Ash Bed is accurate. According to S. Johnsen (pers.com. 2004 ) the NGRIP ice core seems to shift the ice core chronology towards older ages. We have used the calibrated calendar age of 12,050-12,170 yr BP for the Vedde Ash layer for the wiggle-match below.
The Younger Dryas deposits can be divided into two parts based on lithology; the deposits contain more pebbles and fine gravel particles above the Vedde Ash than they do below (Fig. 1B) . We thus treat these two parts separately. We assumed constant sedimentation rates between the Vedde Ash and the YD/PB boundary. This gives sedimentation rates between 6.6 yr/cm and 10 yr/cm, and the dates were placed accordingly. Having fixed the Allerød/Younger Dryas boundary to 12,930-13,040, we spread out the lower dates in Kvaltjern, omitting the spuriously old date at 11,300 14 C yr BP ( Fig. 2A ).
Good fits were obtained with sedimentation rates between 8.1 and 12.6 yr/cm with 2 < 2 0.05 = 5.99; degrees of freedom = 2.
The Kulturmyra sequence (Fig. 1C , Table S2) The eight 14 C ages from Kulturmyra are all from below the Younger Dryas-Allerød boundary and together span 128 cm of the core section. We assume that this interval was deposited at a constant rate. The age of 11,600±90 yr BP at 621.5 cm is obviously too old ( Fig. 2A ) and 12,315±95 at 723 cm is older than the tree rings (Fig. 3A ). Both were omitted from the wiggle-matching. Good fits were obtained for sedimentation rates between 7.7-11.8 yr/cm with 2 < 2 0.05 = 11.1; degrees of freedom = 5. However, sedimentation rates between 7.7-10.1 yr/cm returned too old dates (>13,070 cal yr BP) for the AL/YD boundary at 580 cm (Fig.   1C ). The best fit at 11.5 yr/cm places the 11,125±65 yr BP date at 595 cm to 13,056 cal yr BP.
The corresponding age for the AL/YD boundary is 12,885 cal yr BP, 45 years younger than the youngest estimate of the same boundary in Kvaltjern (see above). All sedimentation rates between 10.2-11.8 places the three 14 C dates between 11,800-11,900 14 C yr BP (660-685.5 cm) on the 11,800 14 C yr BP tree-ring plateau (Fig. 3A) . The TUa-samples were prepared and targets produced at the Radiological Dating Laboratory in Trondheim, and the measurements performed on an AMS at the Svedberg Laboratory, Uppsala University, Sweden. The Betasamples were measured at Beta Analytic Inc. Two samples were measured conventionally (T-samples) at the Radiological Dating Laboratory in Trondheim. All 14 C ages are reported as conventional radiocarbon ages (S10).
1) All depths are correlated to core 505-23-01. This correlation is based on the Vedde Ash bed, sedimentary structures and the pattern in loss on ignition. Uncertainty in correlation is assumed to be within 2 cm. All cores are from the same location -the distance between the individual core sites is less than 1.2 m. The depths in this column are the ones used for wiggle-matching and in Fig. 2A .
2) The wiggle-matching was done as described in the Methods and material section -supporting online material.
3) Reservoir ages are calculated as the difference between the 14 C age of the marine sample and the corresponding 14 C age in IntCal04 back to 12,825 and a floating tree ring chronology back to 14,200 cal yr BP (see text for further explanation).
4) R values calculated as the difference between the marine 14 C age sample and the marine 14 C model (Fig. 3A) .
5) Additional material added from two cores, 2:12.08.01 and 3:12.08.01 at 57-59 cm above lower boundary of Vedde Ash bed.
6) 13 C not measured, assumed value.
* Unexpected high reservoir age, shell fragments likely to be re-deposited. The samples were prepared and targets produced at the Radiological Dating Laboratory in Trondheim, and the measurements performed on an AMS at the Svedberg Laboratory, Uppsala University, Sweden. All 14 C ages are reported as conventional radiocarbon ages (S10).
1) The depths in this column are the ones used for wiggle-matching and in Fig. 2A .
2 For a complete list of species, see (S11) 3) The wiggle-matching was done as described in the Methods and material section -Supporting Online Material. 5) R values calculated as the difference between the marine 14 C age sample and the marine 14 C model (Fig. 3A) .
